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REMARKS 

Claims 8, 12-13, 15-16, 32, 36-37, 39-41 and 49-53 are pending in this office action. 
Claims 12 and 36 have been hereinabove canceled without prejudice. Claims 8, 32, and 41 have 
been hereinabove amended. Claims 8, 13, 15-16, 32, 37, 39-41, and 49-53 are now pending for 
the Examiner's consideration. 



Supports for the amendments are as follows: 



Amended Claim 


Support 


Claim 8 


Page 3, lines 26-32 (combination of at least 1 mg to no more than 10 mg) 


Claims 32 


Page 3, lines 26-32 (combination of at least 1 mg to no more than 10 mg) 


Claim 41 


Page 20, lines 21-22 



No new matter is added. 

Applicants request reconsideration of the pending claims in light of the preceding 
amendments and following remarks. 

Claim objection. 35 U.S.C. S112 and 35 U.S.C. S102 (b) 

Applicants are grateful to the Examiner that the above claim objection and rejections 
have been withdrawn. 

35 U.S.C. § 103 (a) 

Claims 8, 12-13, 15-16, 32, 36-37, 39-41 and 49-53 were rejected under 35 U.S.C. § 
103(a) as being obvious over Kania et al. (WO 2001/02369, now US Patent No. 6,531,491) in 
view of Sweeney et al. Cancer Res. 61 3369-3372, 2001, further in view of Goodman and 
Gilman, for the reasons set forth on pages 5-7 of the Office Action. Applicants respectfully 
traverse. 

Claims 12 and 36 have been canceled without prejudice, thus the rejections of these 
claims are rendered moot. 

Applicants submit that Kania discloses a broad generic dosage range of "about 0.001 to 
about 50 mg/kg body weight..." (see U.S. Pat. No. 6,531,491, column 21, lines 31-32, emphasis 
added). This broad generic range refers to a class of compounds taught by Kania, not 
specifically to the specific dosage form of compound of formula 1 (AG013736) of the present 
claimed. Because the range refers to preclinical animal model, when applied to an average 80 kg 
human, this broad range translates to 0.08 mg to 4000 mg AG013736 dosage form. The present 
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claims as amended call for a specific dosage form of 1 to 10 mg AG013736 which are adaptable 
to human administration as proven by clinical trials. 

Applicants submit Rugo et al. (a copy is attached for the Examiner's review) which 
describes phase I clinical trial results of AG013736. Given strong preclinical evidence for 
antitumor/antimetastatic activity, a first-in-human phase I trial was conducted to test AG-013736 
in patients with advanced solid malignancies. The primary objective was to determine dose- 
limiting toxicity (DLT) and the maximum-tolerated dose (MTD) of AG-013736. Rugo et al. stated 
that the initial dosing was chosen based on a modification of the recommendations of DeGeorqe 
et al. (a copy is attached for the Examiner's review), which is one sixth of the body-surface area- 
adjusted minimal effect dose (MED; 10 mg/kg/d) identified in a 28-day dog study of AG013736. 
However, this resulted in a calculated safe human starting dose of 30 mg BID (emphases 
added). Based on the overall safety profile of the first cohort, the average dose evaluated in the 
first cohort (20 mg BID) was selected as the continuous dose for the second cohort. In 
subsequent cohorts, escalation of doses by 100% or 40% was planned. However, because of the 
significant toxicity seen in the first two cohorts, a dose de-escalation schema was used (See 
Rugo, p. 5475, right column, under the heading "Calculation of Starting Dose and Continuous 
Drug Dosing"). 

Applicants submit that even at a maximum dose of 30 mg BID as suggested by the 
DeGeorge calculation based on the animal data, which was even further deescalated based on 
the teaching of Rugo et al., without hindsight, those skilled in the art will not be able to arbitrarily 
arrive at 133 times less dosage than the maximum 4000 mg dosage taught by Kania. To arrive at 
the claimed maximum dose of 10 mg, those skilled in the art would not have been able to 
arbitrarily further reduce the maximum 4000 mg dosage taught by Kania by 400 times. In 
contrast, the present inventors have done lengthy clinical human trial studies to arrive at 
the claimed pharmaceutically acceptable 1 to 10 mg dosage form, as described by the present 
specification and Rugo et al. below. 

Thirty-six patients received AG013736 at doses ranging from 5 to 30 mg by mouth twice 
daily (see Rugo et al. page 5476, right column, under the heading "Patient Characteristics"). The 
dose-limiting toxicities observed included hypertension, hemoptysis, and stomatitis and were 
seen primarily at the higher dose levels. The observed hypertension was manageable with 
medication. Stomatitis was generally tolerable and managed by dose reduction or drug holidays. 
The maximum-tolerated dose and recommended phase II dose of AG-013736 is 5 mg, twice 
daily, administered in the fasted state. No significant drug interaction with antacid was seen. 
Rugo further teaches on page 5479 that at a starting dose of 10 mg QD/BID, 15 mg BID, 20 mg 
BID, and 30 mg BID, the Dose Limiting Toxicity (DLT) such as dose limiting hypertension, 
increased liver function tests, seizure, apnea, hemoptysis, stomatitis, pancreatitis, ischemic 
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bowel, and thromboembolism were observed (see cohorts 1, 2, and 4 on the table below 
reproduced for the Examiner's convenience from Rugo et al. page 5480). In contrast, at the 
claimed dose of 1 to 10 mg, such as 2 mg BID or 5 mg BID, there is none/minimal DLTs (such 
as dose limiting hypertension, stomatitis, and diarrhea) were observed (see cohorts 3, 5, and 6). 



Table 4. Dose-Limiting Toxicities (DLTs) 


Cohort (starting dose, No. of 
patients) 


No. of Patients 
With DLTs 


Dose-Limiting Toxicity (No. of patients) 


1 (various_fed, 6) 


3 


Hypertension (3); increased liver function tests 
(2); seizure (2); apnea (1) 


2 (20 mg BID fed, 4) 


3 


Hypertension (2); hemoptysis (1); stomatitis (1) 


3 (5 mg BID fed, 6) 


0 


None 


4(15mg QDfed, 6) 


3 


Hypertension (1); stomatitis (1); pancreatitis, 
ischemic bowel, and thromboembolism (1) 


5 (5 mg BID fasted, 8) 


1 


Stomatitis (1) 


6 (2 mg BID then 5 mg BID 
fasted, 6) 


1 


Diarrhea (1) 


Abbreviations: BID, twice daily; QD, once daily. 

The following doses were administered: 10 mg QD (one patient), 10 mg BID (two patients), 20 mg 
BID (two patients), and 30 mg BID (two patients). 



As taught in the specification as filed, the present inventors have studied dose limiting 
toxicities (DLT) to arrive at the 5 mg recommended maximum tolerated dose (MTD). For 
example, on page 20 of the specification, Example 2, Table 4 shows pK results for the AG13736 
as a single agent in varying doses for 30 patients with solid tumors on a BID or QD schedule. 
Cycles were 28 days each. Example 2 also shows a maximum tolerated dose (MTD) of 5 mg BID 
(see specification, page 20, lines 21-26). The specification further states:" At doses less than or 
equal to the MTD, the dose limiting toxicities (DLT) was limited to dose 2 stomatitis in 1 patient. 
Non dose limiting hypertension (HTN) was observed in 7/14 patients and was managed by 
conventional hypertensive medications." (see specification, page 20, lines 26-28). 

The Examiner further contends that "one of ordinary skill in the art would have been 
motivated to combine the teachings of Kania et al with that of Sweeney et al, because in the 
Sweeney et al. reference a VEGF (Applicant's compound is known as a VEGF) compound was 
used with docetaxel, therefore motivating one of ordinary skill to switch the compound of 
Sweeney et al. with that of Kania et al. and combine with docetaxel because it is well know[n] in 
the art of cancer that adjuvant therapy are used to give synergistic effect to the cell proliferation." 
In response, Applicants submit that none of the references teach or even suggest the 1 to 10 mg 
dosage form of AG 013736 called for in the present claims. Thus the combination claims as 
written cannot be obvious over the cited references. 
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Based on the above arguments and claims amendments, it is submitted that the cited 
references do not teach or suggest the claimed 1 to 10 mg dosage form of AG013736 having the 
safety profile acceptable for human uses. Applicants respectfully request that the obviousness 
rejection of claims over Kania in view of Sweeney and Goodman and Gilman be withdrawn. 

Double Patenting 

Claims 8, 12-13 15-16, 32, 36-37, 39-41 and 49-53 stand rejected under the judicially- 
created doctrine of obviousness-type double patenting over claims 1-11 of U.S. Patent No. 
7,141,581, for the reasons set forth on pages 8-9 of the Office Action. Applicants respectfully 
traverse. 

Claims 12 and 36 have been canceled without prejudice, thus the rejections of these 
claims are rendered moot. 

The remaining claims 8, 13, 15-16, 32, 37, 39-41 and 49-53 have been hereinabove 
amended to recite still narrower dosage ranges and Applicants submit the following arguments. 
The claims of the '581 patent are directed to methods of treatment with various compounds and 
without any specific dosing ranges, much less the specific dosing ranges having acceptable 
human safety profile. Nothing in the claims of the '581 patent teaches or suggests any dosing 
range, much less the amended range of 1 to 10 mg, such as 5 mg, nor using the specific range of 
1 to 10 mg of the presently recited single compound AG013736. For the same reasons as 
discussed above, claims 8, 13, 15-16, 32, 37, 39-41 and 49-53 are not rendered obvious by the 
'581 claims. Moreover, claims 49-53 further recite a still narrower dosing range of 1 to 10 mg, 
specific types of cancer, and a dosing frequency of twice per day, and in combination with a 
specifically selected additional anti-cancer agent (docetaxel and gemcitabine, in claims 50 and 
51, respectively). Nothing in the '581 patent teaches these specifically claimed methods with 
sufficient specificity to render the claims obvious. Thus without pure hindsight, those skilled in the 
art would not have been motivated to arrive at the claimed dosage having acceptable safety 
profile for human use. 

Applicants respectfully request that the double-patenting rejection be reconsidered and 
withdrawn. 

Conclusion 

Applicants believe all pending claims are now in condition for allowance. Should there be 
any issues that have not been addressed to the satisfaction of the Examiner, Applicants invite the 
Examiner to contact the undersigned attorney. 
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If any fees other than those submitted herewith are due in connection with this response, 
including the fee for any required extension of time (for which Applicants hereby petition), please 
charge such fees to Deposit Account No. 16-1445. 



Respectfully submitted, 



Date: August 28, 2008 /Elsa Djuardi Lemoine/ 

Elsa Djuardi Lemoine 
Attorney for Applicants 
Registration No. 45,963 

Pfizer Inc. 

Patent Department 

10555 Science Center Drive 

San Diego, California 92121 

Phone: (858)638-6117 

Fax: (858) 678-8233 
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Abstract The entry of new anticancer treatments into 
phase I clinical trials is ordinarily based on relatively 
modest preclinical data. This report defines the battery 
of preclinical tests important for assessing safety under 
an Investigational New Drug application (IND) and 
outlines a basis for extrapolating starting doses of in- 
vestigational anticancer drugs in phase I clinical trials 
from animal toxicity studies. Types of preclinical studies 
for the support of marketing of a new anticancer drug 
are also discussed. This report addresses differences and 
similarities in the preclinical development of cytotoxic 
drugs (including photosensitizers and targeted delivery 
products), drugs used chronically (chemopreventive 
drugs, hormonal drugs, immunomodulators), and drugs 
intended to enhance the efficacy (MDR-reversing agents 
and radiation/chemotherapy sensitizers) or diminish the 
toxicity of currently used anticancer therapies. Factors 
to consider in the design of preclinical studies of com- 
bination therapies, alternative therapies, and adjuvant 
therapies in the treatment of cancer, and to support 
changes in clinical formulations or route of adminis- 
tration, are also discussed. 

Key words Antineoplastic agents • Toxicity tests • 
Toxicology • Guidelines • Phase I clinical trials 
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Introduction 

Malignant, nonresectable cancers are life-threatening, 
and aggressive measures are used in treating them. 
Antineoplastic therapies frequently include toxic 
chemicals or biological products that are designed to 
destroy tumor tissue or halt cell replication. Despite 
the serious toxicities of many anticancer drugs, careful 
dosing, clinical monitoring and prompt treatment of 
toxicity makes the side effects less threatening to a 
patient than their disease. Since it is recognized that 
doses of anticancer drugs high enough to kill cancer 
cells usually induce serious side effects in patients, the 
preclinical testing of oncology drugs differs from test- 
ing of nononcology drugs. The Division of Oncology 
Drug Products within the Center for Drug Evaluation 
and Research (CDER) at the US Food and Drug 
Administration (FDA) recognizes the urgency of de- 
velopment of new anticancer drugs and the need to 
rapidly move promising agents into clinical studies. 
This report offers a regulatory perspective on the pre- 
clinical development of new anticancer drugs that is 
intended to clarify the differences from the preclinical 
testing of nononcology drugs and to describe the data 
that are important to support human testing and even- 
tual marketing. 

The types of preclinical studies expected for support 
of clinical trials and then marketing of a new drug de- 
pend on both the intended use of the drug and the 
population of patients being studied and treated. In 
situations where potential benefits are greatest (ad- 
vanced, life-threatening disease), greater risks of treat- 
ment toxicity can be accepted and the required 
preclinical testing can be minimal. In cases where the 
patient population is free of known disease (e.g. adju- 
vant therapy or chemoprevention) the acceptable risks 
are much less and preclinical evaluation should be 
more extensive [32]. The toxicities of many modulating 
agents intended to enhance the efficacy or diminish the 
toxicity of anticancer agents are more similar to those of 
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nononcology therapies. However, these modulating 
agents could enhance the toxicity or diminish the activity 
of cytotoxic drugs by altering their toxicodynamics, 
pharmacodynamics, and pharmacokinetics. Thus, toxi- 
cological evaluation in combination with the modulated 
cytotoxic drug is an important part of preclinical de- 
velopment. 

The following considerations are offered in an effort 
to balance the risks to be borne by the proposed patient 
population and the realities of drug testing in humans. 
The differences in preclinical testing between cytotoxic, 
chronic (i.e. adjuvant therapy, chemopreventive drugs, 
hormonal drugs, and immunomodulators), and modu- 
lating therapies are emphasized. Issues of chemistry and 
manufacturing controls, clinical study design, and de- 
velopment of biologic agents for cancer treatment are 
beyond the scope of this report. If the appropriate 
preclinical development strategy remains uncertain after 
contemplating the following considerations, then 
sponsors are encouraged to initiate pre-IND discussions 
with Division staff regarding their preclinical study 
plan. 



General considerations for anticancer drug development 

Preclinical studies of anticancer agents 

The safety of first-time use in humans is assessed 
through preclinical studies of pharmacodynamics, 
pharmacokinetics (toxicokinetics), toxicity, and their 
relationships. The purposes of these safety studies are: 
(a) to determine a starting dose for clinical trials that is 
both reasonably safe and allows for possible clinical 
benefit for the patient, (b) to identify potential end-or- 
gan toxicities and determine their reversibility, and (c) to 
assist in the design of human dosing regimens and es- 
calation schemes for clinical trials. Animal toxicity 
studies most effectively accomplish these objectives when 
performed using schedules, durations, formulations, and 
routes comparable to those proposed in clinical studies. 
Use of longer duration preclinical studies may lead to 
underestimates of the appropriate clinical dose, while 
shorter studies may not identify cumulative dosing tox- 
icities. The toxicity studies should generally conform to 
the protocols recommended by the National Cancer 
Institute for toxicology assessment for anticancer 
agents 1 and are expected to be conducted in accordance 
with Good Laboratory Practices (GLP) [16, 17]. When 
studies are not performed according to GLP, deviations 
should be documented and the potential impact of these 
deviations on study outcome and credibility should be 
described [16, 17]. 

Typically, only two toxicology studies are essential to 
support initial phase I clinical trials in patients with 
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advanced cancers (Table 1). The first of these is usually a 
study in rodents that identifies doses that produce life- 
threatening and non-life-threatening toxicity. The sec- 
ond study should determine whether doses identified as 
tolerable in rodents produce life-threatening toxicity in a 
non-rodent species. At least one of these studies should 
assess clinical signs, body weight, food consumption, 
clinical pathology, and gross pathology over a range of 
doses from nontoxic to toxic and should include an ex- 
amination of histopathology at doses that cause toxicity 
(or at the highest dose tested). Genotoxicity tests are not 
generally needed for cancer chemotherapies to support 
testing in phase I clinical studies unless healthy volun- 
teers will be entered into the study. 

While not essential, information on the pharmaco- 
dynamics and pharmacokinetics of drugs is extremely 
valuable for supporting the safety profile and can sig- 
nificantly contribute to the efficiency of drug develop- 
ment. A phase I study may be conducted with no in vitro 
or in vivo preclinical pharmacodynamic information, 
but preclinical studies on biological activity and efficacy 
can substantially aid in clinical study design. Such 
studies help estimate effective dosages, dosing schedules, 
and optimal plasma concentrations. This information is 
likely to be particularly useful when developing noncy- 
totoxic agents. It may be desirable to develop such 
agents (e.g. immunomodulators) by escalating the hu- 
man dose to a pharmacodynamically active range rather 
than to the maximum tolerated dose (MTD). Pharma- 
cokinetic data can be gathered as a part of pharmacol- 
ogy or toxicity studies and do not usually need to be 
collected separately. Single- and multiple-dose pharma- 
cokinetic studies in the most appropriate species are best 
performed using dosing schedules, durations, and routes 
comparable to those that will be used in clinical studies 
[15]. The pharmacokinetic information obtained assists 
the evaluation of animal toxicity and efficacy, and may 
suggest modifications in the intended dose, route or 
schedule for the clinical trial. The importance of the 
parameters being measured will vary depending on the 
clinical trial design and therapeutic classes as discussed 
in the subsections below. In combination with pharma- 
codynamic data, this information can be used to help 
calculate initial doses in humans that have a greater 
likelihood of activity without adversely affecting safety, 
and can contribute to optimal dose escalation in early 
clinical studies. 

The proposed therapeutic indication, the outcome of 
early clinical development, the nature of toxicities seen 
in animals and in humans, and the projected duration 
of clinical treatment all determine the preclinical studies 
necessary to support a New Drug Application (NDA). 
In general, for oncology drugs, sponsors should con- 
duct toxicity studies using the same schedule and du- 
ration of administration as the intended clinical 
treatment cycle (Tables 1-3). Cytotoxic drugs used to 
treat advanced disease rarely need studies with more 
than 28 days of dosing submitted with the NDA (Ta- 
ble 1). In contrast, for drugs intended for continuous 
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Table 1 Preclinical studies for cytotoxic oncology drugs 



Stage Category Issues to be addressed Studies considered important a Studies considered 

useful 



IND All cytotoxics 


Starting dose, 


Rodent b and nonrodent 0 








end-organ toxicities 


toxicology d 


















Effective concentrations, 




Pharmacokinetics, 






schedule 




phannaeod} namics 


Modifications for 








Special Categories 










Photosensitizer 


Systemic toxicin 


To.\icolog\ studies 
in subdued light 








Phototoxicity 




In vivo study with 
illuminated skin 














Antibody conjugate 


Stability 

Toxicity of drug alone 


Stability in plasma 
Toxicology in one species 








Specificity 




± target antigen 






Pharmacokinetics 




Pharmacokinetics 




Liposomal delivery 


Drug product toxicity 

Pharmacokinetics versus 
free drug 


Include free drug and blank 
Pharmacokinetics 






Depots 


Drug product toxicity 
Toxicity to contacted tissues 


Include free drug and 
empty depot in toxicity testing 
Histopathology of depot site 




NDA All cytotoxics 




Rodent and nonrodent 


Targeted special 








toxicology 11 ' 8 , 


toxicity 








genetic toxicity, 










stage C-D teratogenicity f 










in rodents and nonrodents 





a In general, the schedule and duration of administration in the toxicology study should mimic the clinical trial 
b Should determine the dose severely toxic to 10% of the animals (STD 10 ) 
c Should determine toxicity of one-tenth the rodent STD 10 on a mg/m 2 basis 
d One study should include histopathology 

c Onl\ for phase I testing in normal volunteers or patients believed to be disease-free 

f Should be submitted during development 

8 Studies with more than 28 days of dosing are rarely needed 



daily administration such as for chemoprevention, ad- 
juvant therapy, or long-term hormonal or immuno- 
modulation therapy, chronic studies should be 
conducted up to a maximum of 6 months in rodent and 
12 months in nonrodent species (Table 2). International 
Conference on Harmonization (ICH) stage C-D 2 re- 
productive toxicity studies in a rodent and a non-rodent 
species are important components of the preclinical 
evaluation of anticancer drugs and should be submitted 
early in development [14]. 

Carcinogenicity studies are not required for cytotoxic 
drugs used to treat advanced systemic disease, but can 



2 ICH stage A-B, C-D, and C-F reproduction toxicity studies 
correspond to the previously designated segment I, II, and III 
studies which are defined by daily administration of drug, 
respectively, during the period from premating to implantation, 
implantation to birth (period of organogenesis), and implantation 
to sexual maturity [14] 



be important in the assessment of drugs intended for 
chronic use for chemoprevention, adjuvant, or hor- 
monal therapy when patients are likely to have a long 
survival [18]. The current standard is the 2-year rodent 
bioassay [47], although alternatives may be suitable [20]. 
Depending upon the nature of toxicities seen with the 
drug or drug class in animals and in humans, targeted 
special toxicity studies to support NDA filing may also 
be needed. For example, in the development of anthra- 
cyclines and platinum drugs, which are known to have 
cardiotoxic and ototoxic potential, respectively, addi- 
tional preclinical cardiotoxicity and ototoxicity studies 
have been useful [11, 28, 36, 46]. In addition, neonatal 
reproductive toxicology and DNA adducting studies 
have been useful in the development of antiestrogenic 
agents [5, 30, 31, 37, 44, 45]. A discussion with FDA staff 
on the preclinical studies needed for marketing approval 
for a particular drug is recommended at or before the 
end of phase II clinical studies. 
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Table 2 Preclinical studies for noncytotoxic, chronically administered oncology drugs 



Stage Category 


Studies considered important 


Studies considered useful 


IND All noncytotoxic chronic 
therapy 


Rodent a and nonrodent b 
toxicology c ' d 


Pharmacokinetics, 
-dynamics 




Modifications for special 
Dategories 
Adjuvant therapy 


Genetic toxicity panel c 






Chemopreventive 


Toxicology studies should 
also define NOAEL, 
Genetic toxicity panel 


Efficacy studies 

Carcinogenicity 15 

Stage A-B reproductive toxicity 




Hormonal 


28-day toxicology studies usually suffice for 
limited phase I II testing in enhanced cancer, 
genetic toxicity panel e 






Immunomodulator 


28-day toxicology studies usually suffice for 
limited phase I/TT testing in advanced cancer, 
genetic toxicity panel e , define dose versus 
immunologic response curve to identify shape 
(bell- shaped?) and surrogate markers 




NDA All non-cytotoxic chronic 
therapy 


Toxicology studies of equivalenl duration to 
labeled use up to 6 months in rodents and 
12 months in nonrodents, genetic toxicity panel, 
carcinogenicity^ stage C-D teratogenicity in 
rodents and non-rodents 




Additional for hormonal 


Stage A-B reproductive toxicity 


Stage C-F reproductive toxicity, 
neonatal reproductive 
tract toxicity, DNA 
adductmg (drug specific) 


Additional for 
chemopreventive 


Stage A-B and C-F reproductive toxicity 
carcinogenicity (always) 





a Should detennine the dose severely toxic to 10% of the animals (STD 10 ) 
b Should determine toxicity of one-tenth the rodent STD 10 on a mg/m 2 basis 

! i general the schedule of administration in the toxicologx stuch should mimic the clinical trial with a duration as long as the intended 
clinical study up to 6 months in rodents and 12 months in non-rodents 
d One study should include histopathology 

e Expected prior to clinical testing in patients with low risk of cancer recurrence, or testing in healthy volunteers 
f May be unnecessary depending on intended patient population [18] 



Starting doses and dose escalation 

As described above, one of the primary goals of preclin- 
ical studies is to estimate a safe starting dose for the ini- 
tiation of phase I trials in humans. The starting dose for 
clinical trials with cytotoxic drugs for oncology indica- 
tions has traditionally been one-tenth the dose lethal to 
10% of rodents on a body surface area basis (milligrams 
per meter squared) [23, 29, 35]. Studies that actually 
measure death as an endpoint, however, are not required 
so long as the dose range studied includes doses that cause 
severe, life-threatening toxicity. Thus, the starting dose is 
generally now chosen as one-tenth of the dose that causes 
severe toxicity (or death) in 10% of the rodents (STD 10 ) 



3 This calculation is the same as taking one-third of the toxic dose 
low (TDL) [29, 35], We believe the current expression of "one-sixth 
the highest iion-se\ erel> toxic dose" is simpler and can be applied 
to the data more universally than taking, in practice, "'one-third the 
dose which causes toxicity but when doubled does not kill the non- 
rodents". Frequently, the TDL cannot be technically defined in 
many studies 



on a milligrams per meter squared basis, provided that 
this starting dose, i.e. one-tenth the STD 10 , does not cause 
serious irreversible toxicity in a nonrodent species [29, 
35]. If irreversible toxicities are produced at the proposed 
starting dose in nonrodents (usually dogs) or if the non- 
rodent is known to be the more appropriate animal 
model, then the starting dose would generally be one- 
sixth of the highest dose tested in nonrodents that does 
not cause severe, irreversible toxicity 3 . In some cases, 
rodents or dogs may not be appropriate species because 
they do not model the relevant human biochemical or 
metabolic processes. For example, folate pools in rodents 
greatly exceed those in humans [4], so that rodents are 
generally inappropriate species for testing antifolates. 
Also, dogs poorly predict the toxicity of some platinum 
analogues, and an alternate animal model might be pre- 
ferred [34]. Knowledge of relevant physiological, bio- 
chemical, and pharmacokinetic differences between 
humans and animal models can help determine the most 
appropriate species to be used for selecting a starting 
dose. Whenever feasible, these starting doses should be 



Table 3 Preclinical studies for modulators of oncology drugs 



Si age 


Category 


Issues to be addressed 


Studies considered important* 


Studies considered 


IND 


All modulators 


Starting dose, 
end-organ toxicities 

Genetic toxicity 
Effective concentrations, 
schedule 


Rodent b and 

non-rodent° 

toxicology d 
genetic toxicity panel" 




Pharmacokinetics 






Additional studies for 
special categories 
MDR modulator 


Combination toxicity 
Pharmacokinetic perturbations 


One species at minimally 
and significantly toxic 
doses of cytotoxic 

Pharmacokinetics 




In vivo efficacy of 
combination 






Chemosensiti/cr 


Combination toxicity 


One species at minimal!) an 
significantly toxic doses of 
cytotoxic 


d 








Radiation sensitizer 


Delayed toxicity to normal 






Skin/leg contracture 






Chemoprotection 


Combination toxicity, tumor 
protection 


In vivo efficacy of combinat 
with histopathology 






NDA 


All modulators 




Toxicology studies of equivalent 
duration to labeled use up to 
6 months in rodents and 12 months 
in non-rodents, genetic toxicity, 
stage C-D teratogenicity in rodents 
and non-rodents 


Targeted special 
studies 



" 111 general, the schedule and duration of administration in the toxicology stud) should mimic the clinical trial 
b Should determine the dose severely toxic to 10% of the animals (STD 10 ) 
c Should determine toxicity of one-tenth the rodent STD 10 on a mg/m2 basis 
d One study should include histopathology 

e Only for phase I testing in normal volunteers or patients believed to be disease-free 



calculated from studies using the proposed clinical route, 
schedule, and duration. 

The dose escalation scheme for phase I clinical studies 
often follows the standard or modified Fibonacci proce- 
dure [10]. Examples of other common and acceptable 
approaches include modified continual reassessment 
methods [13, 39] and pharmacokinetically guided dose 
escalation strategies [8]. These alternatives often necessi- 
tate a more extensive preclinical evaluation. For example, 
pharmacokinetic guidance of dose escalation is most ef- 
fectively applied when: (a) linear pharmacokinetics are 
observed at drug concentrations spanning the pharma- 
cological and toxicological effects, (b) the area under the 
drug concentration versus time curve (AUC) at the mouse 
STD 10 can be defined, (c) protein binding in mouse and 
human plasma has been quantified, and (d) it is known 
whether metabolites contribute to the toxic effects [7, 8, 
27, 40]. Although preclinical studies are used to determine 
the starting dose for phase I clinical trials, the highest 
doses for oncology drugs are rarely restricted by the doses 
used in preclinical toxicology studies as long as the tox- 
icities of the new anticancer drug can be readily moni- 
tored, are reversible, and sufficiently precede lethality in 
animals. Instead, the maximum dose is restricted by the 
toxicity observed in the clinical trial, judged most often 
using NCI/DCTDC Common Toxicity Criteria [38]. 



Considerations for specific cytotoxic therapies 

Combinations of cytotoxic agents 

The evaluation of cytotoxic agent combinations has 
traditionally been conducted in the clinical setting using 
an empirical approach. This has generally been suc- 
cessful, but may not be optimal. Preclinical studies 
provide an opportunity to explore a variety of doses, 
dose ratios, and schedules to optimize benefit and min- 
imize toxicity. Nonetheless, unless there is reason to 
believe that synergistic interactions occur that would 
substantially increase the toxicity of the combination, 
preclinical testing is not considered essential provided 
that each agent has been fully evaluated in humans. 
When synergistic effects may be anticipated such as 
when one agent interferes with the metabolism or elim- 
ination of the other agent or both cytotoxic agents target 
the same metabolic pathway or cellular function, pre- 
clinical testing of the combination is desirable. 

Photo sensitizers 

One class of cancer chemotherapeutic drugs is thera- 
peutically inactive until irradiated with light. These 
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photosensitizers or phototherapy agents usually form 
radicals after absorbing light energy that are ultimately 
responsible for tumor destruction. In photosensitizer 
therapy, tumor tissues are typically irradiated with laser 
light. When there is a choice, longer wavelengths of the 
irradiating light are preferred because they cause less 
direct tissue damage and because they penetrate more 
deeply into tumor tissue than shorter wavelengths. 

Selective damage to tumor tissue is obtained by di- 
recting the activating light to the tumor. In addition, 
most phototherapy compounds concentrate in tumor 
tissues more than in surrounding normal tissue when 
given systemically. This increased concentration of 
photosensitizer combined with localized irradiation can 
kill tumor cells with great selectivity. Nevertheless, when 
these compounds are given systemically they commonly 
distribute in appreciable concentrations in all tissues and 
this provides the potential for toxicity. When these drugs 
accumulate in the eye or skin, patients may suffer irre- 
versible retinal damage or severe phototoxicity similar to 
sunburn when exposed to ambient light [12]. Thus, it is 
important to know the plasma elimination half-life (and, 
if possible, tissue elimination half-lives) in preclinical 
studies so that the length of time a patient should protect 
themselves from light can be estimated. 

Standard toxicity studies with multiple dose levels 
should be conducted in subdued illumination to clearly 
define the systemic toxicities of the photosensitizer. Sub- 
dued lighting allows systemic toxicities to be more clearly 
distinguished from phototoxicities. In addition to these 
standard toxicity studies, it is beneficial to assess photo- 
toxicity before phase I clinical investigation begins be- 
cause these drugs can cause prolonged photosensitivity. 
Acceptable models for these photosensitivity tests are 
either hairless or appropriately shaved species. The pho- 
tosensitivity assessment should include toxicity testing as 
a function of both light dose (total energy) and drug dose 
and should ideally determine the duration of sensitivity in 
relation to plasma levels of the photosensitizer. Since a 
primary concern for the patient is the toxicity related to 
sunlight exposure, the light source for these tests should 
have a spectral distribution that approximates sunlight. 
Frequently, doses that are well below the no observable 
adverse effect limit (NOAEL) when the animal is housed 
in subdued light are lethal when the animal is briefly ir- 
radiated. Even though the photodyn amic effect is ex- 
pected to affect only tissues that are exposed to the light 
source, there is concern that photodegradation products 
could cause distant toxicities. Therefore, these photo- 
toxicity tests usually include standard assessments of 
clinical signs, clinical pathology, gross pathology, histo- 
pathology of major organs, and the reversibility of tox- 
icities. Clinical photodynamic therapy does not routinely 
involve repeated doses, and thus preclinical studies using 
daily irradiation during repeat dose testing may not be 
relevant to clinical safety concerns. 

Without light these photosensitizers may not cause 
genotoxicity in standard tests, but subsequent irradia- 
tion may cause considerable damage to the DNA of cells 



exposed to the compound. Thus, genotoxicity tests are 
best done with and without light. The assessment of 
clastogenicity and mutagenicity should be done with 
increasing compound concentrations at a high light 
dose, and with increasing light dose (total energy) using 
broad-spectrum light at high compound concentration. 
The highest doses of drug of each series of tests should 
be consistent with international standards [19, 22]. 

In many cases an effective dose of drugs in this class is 
nontoxic in subdued light and the starting dose can be 
chosen based on efficacy studies rather than toxicity 
studies. This pertains only if the projected efficacious 
starting dose is lower than the safe dose estimated from 
the toxicity studies. 



Specialized drug delivery 

Administration of anticancer drugs as depots, attached 
to carriers, or in specialized encapsulated forms has the 
potential for significantly improving efficacy. Advan- 
tages of specialized drug delivery may include: (a) spe- 
cific targeting of the drug to the tumor, (b) minimization 
of toxic side effects, (c) prolongation of therapeutic drug 
concentrations, (d) improved delivery of hydrophilic 
drugs to tumor cytoplasm, and (e) practical adminis- 
tration of very lipophilic drugs. Examples of delivery 
systems include copolymer implants, human albumin 
microspheres, monoclonal antibody-drug conjugates, 
and liposomal encapsulation. Development of antican- 
cer drugs administered via carriers or in depots may 
necessitate additional preclinical evaluation beyond that 
of conventional cytotoxic drugs. 

For antibody-drug conjugates, the two main safety 
concerns are the potential for toxicity from abrupt re- 
lease of the drug and the potential for the antibody-drug 
conjugate to cause unexpected, specific toxicity in nor- 
mal human tissues. Studies of the stability of the con- 
jugate in human plasma as a function of the proposed 
release mechanism (e.g. pH if hydrolytic, glutathione 
concentration if reductive) help determine the necessity 
of conducting additional toxicology studies [21]. When 
additional studies are indicated, using the form of the 
drug released from the conjugate (i.e. including linker 
groups) may identify clinically important toxicities. 
Testing the reactivity of the conjugate with a complete 
panel of human tissues from at least three different 
sources is suggested [21]. When the target antigen is not 
expressed in the tissues of the standard preclinical ani- 
mal models, a tolerance study in Pongidae apes at a dose 
that is at least double the planned human starting dose 
should also be considered. Both the reactivity screen 
and the tolerance study may reveal sites of potential 
tissue-specific toxicity, while the standard toxicology 
studies may define nonspecific toxicities. Specificity 
studies of binding or cytotoxicity in cell lines with and 
without an expressed target antigen also help to assess 
whether there is a significant differential between the 
toxicity to a targeted and nontargeted tissue. If feasible, 



pharmacokinetic studies that distinguish between con- 
jugate, free antibody, and free drug are also highly 
desirable for interpreting toxicology findings and sup- 
porting interspecies comparisons. Selection of a starting 
dose for clinical study should consider not only the 
results of the toxicity studies with the conjugate, but 
also the stability of the conjugate and the potential 
toxicity of released drug. 

With liposomal drugs, standard preclinical toxicol- 
ogy studies of the delivery system, free drug, and the 
final formulation are important for evaluating a drug 
product's potential for toxicity. Liposomal formula- 
tions usually dramatically prolong systemic exposure. 
Thus, when repeated doses are to be used clinically, it is 
especially important to study a similar schedule pre- 
clinically because of the potential for drug accumula- 
tion. When the delivery system is designed to affect 
drug absorption, distribution, biotransformation, ex- 
cretion or target organ accumulation, small changes in 
the design of the delivery system may have substantial 
effects on overall toxicity. Conducting the toxicity 
studies with the final formulation can avoid concerns 
about such effects. Comparative pharmacokinetic 
studies of the final formulation versus free drug can be 
very helpful in suggesting schedules and interpreting 
changes in the spectrum and severity of toxicities. Oc- 
casionally, studies of the empty liposomes plus free 
drug in combination may also be useful for under- 
standing alterations in efficacy seen with the liposomal 
preparation. For example, blank liposomes may alter 
the pharmacokinetics of the free drug in a fashion 
sufficient for therapeutic gain [33]. 

Preclinical development of depot formulations gen- 
erally follows that of liposomal formulations. Addi- 
tionally, a study of the toxicity of the depot in the tissue 
or compartment intended to be used clinically should be 
conducted which includes a histopathologic examination 
of the adjacent tissues. Initial clinical doses similar to the 
total dose of the drug previously investigated in humans 
may be used in the absence of significant changes in 
toxicity profile for the depot formulation. 



Alternative therapies 

"Alternative" therapies include both single agents and 
multicomponent entities derived from plants or animals. 
Herbal products and tissue or fluid extracts from animal 
sources intended for the treatment or prevention of 
cancer or precancerous conditions belong in this cate- 
gory. The identity of the active ingredient of these en- 
tities is frequently uncertain. Consistency in taxonomic 
identification, collection, storage, and processing may 
pose additional difficulties. A useful initial step is to 
prepare a batch of the drug product large enough to be 
sufficient for both initial preclinical and clinical studies. 
The usual battery of toxicology studies for anticancer 
agents should be conducted unless there is adequate 
human safety experience. Since it is difficult to correlate 
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specific drug product components with pharmacologic 
action, attempts should be made early in the develop- 
ment scheme to control the manufacturing processes to 
produce consistent batches for subsequent preclinical 
and clinical study. Further efforts should be made in the 
later stages of development to identify biologic assays 
which can be used to assure activity and as release 
specifications for the marketed product. 

Herbal products represent a specialized subset of al- 
ternative therapies, as there is often significant human 
experience with their use. If there is a documented his- 
tory of use of the herbals or if these preparations are 
freely marketed in the United States, then no preclinical 
pharmacology or toxicology is required for initial trials 
using the marketed product. Submission of data on the 
traditional use, preparation of the product, and safety 
profile of any known components of the herbal prepa- 
ration for the IND is encouraged. When a product dif- 
ferent from the marketed version is intended for the 
clinical trial, information on the preparation of the 
product to be tested is important in determining whether 
toxicology studies are necessary. If a herbal product is 
prepared in a manner different from the marketed 
product (e.g. alcoholic extraction instead of an aqueous 
preparation such as tea) or administered by an alterna- 
tive route, then the standard toxicology studies for an 
investigational anticancer drug may be necessary. As the 
development of the herbal therapeutic agent continues in 
expanded trials, animal data including the histopathol- 
ogy, serum chemistry, hematology, reproductive, and 
genetic effects of the compound should be obtained ei- 
ther through literature data on the individual compo- 
nents of the herbal product or through toxicologic 
testing. 



Considerations for chronic therapies 

Chemopreventives 

The preclinical development of chemopreventives has 
been previously described and should proceed similarly 
to most nononcology drugs [32]. The key considerations 
are summarized in Table 2. 



Adjuvant therapy 

The preclinical studies expected for drugs developed for 
adjuvant therapy depend on the prior human experience 
with the drug, the anticipated risks and benefits for the 
intended patients, and the expected mechanism of ac- 
tion. Few drugs are initially tested in humans in the 
adjuvant setting. Substantial clinical experience with 
these drugs is thus usual by the time they are considered 
for therapy in patients who have had their primary tu- 
mor removed or controlled. Nonetheless, further pre- 
clinical testing may be needed, depending on whether 
there are changes in the pattern of clinical use. 
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Additional preclinical studies that focus on long-term 
toxicity should be conducted for agents with which there 
is limited long-term clinical experience and intended for 
chronic treatment of patients in whom the risk of re- 
currence of cancer is relatively low. Cytotoxic drugs 
normally do not need additional long-term studies to 
support adjuvant use because the clinical experience 
with these drugs is usually extensive, they are usually 
administered using intermittent cycles rather than daily 
dosing, and the risks to patients are already well un- 
derstood. When conducted, long-term studies should use 
the intended adjuvant route and schedule for at least as 
long as the intended clinical treatment duration, up to a 
maximal duration of 6 months in rodents and 12 months 
in nonrodents (usually dogs). A complete battery of 
genetic toxicity tests should be conducted prior to trials 
in patients believed to be free of disease. Carcinogenicity 
studies are usually expected prior to application for 
market approval. 



Hormonal drugs 

The mechanism of action of hormonal drugs differs sig- 
nificantly from that of other antineoplastic agents. These 
drugs are usually not directly cytotoxic, but may act as 
antiestrogens, progestins, antiprogestins, androgens, an- 
tiandrogens, aromatase inhibitors, or gonadotropin re- 
leasing hormone agonists. As with cytotoxic therapies, 
the preclinical toxicity assessment of hormonal drugs 
should use a similar route, schedule, duration of treat- 
ment, and formulation of drug substance as that pro- 
posed in clinical therapy. Standard 28-day toxicology 
studies with daily drug administration usually support 
small, phase I and phase II clinical trials with advanced- 
stage cancer patients. As clinical studies with longer du- 
rations of treatment are planned in patients likely to have 
an extended survival, additional preclinical testing usu- 
ally follows the standard practice that the duration of the 
toxicology study be at least as long as the clinical trial. 
Because hormonal agents are generally used over an ex- 
tended period, the complete toxicology assessment may 
need to focus on long-term effects on organ systems. 
Maximal duration of treatment in animals is usually 
limited to 6 months in rodents or 12 months in nonro- 
dents. Although these agents are customarily developed 
for sex-specific indications, preclinical testing of both 
sexes allows identification of toxicities unrelated to the 
primary hormonal action of the drug that may be ob- 
scured in animals of the same sex as the intended treat- 
ment population. In addition, sex-based differences in the 
nonreproductive organ toxicities, sensitivity, or metabo- 
lism of a given drug may not be correlated across species 
[6]. Testing of hormonal agents in both sexes is thus more 
likely to provide the full spectrum of potential toxicities 
associated with a drug's use. 

It is expected that the standard battery of genotox- 
icity tests assessing mutagenicity and clastogenicity will 
be conducted prior to phase I testing in patients believed 



to be disease-free [19, 22]. Carcinogenicity studies are 
expected if the hormonal drug is intended for use in 
patients believed to be disease-free or as adjuvant ther- 
apy. Studies should be conducted to evaluate re- 
productive performance and fertility in rats (ICH stage 
A-B, segment I), and teratogenicity in rats and rabbits 
(ICH stage CD, segment II). Depending on the patient 
population and the duration of hormonal therapy, ICH 
stage C F (segment III) studies may be needed. Many 
estrogen agonists or antagonists are structurally or phar- 
macodynamically related to diethylstilbestrol (DES), 
which is known to cause reproductive tract malignancy 
and abnormalities in humans exposed in utero [25]. 
Testing the potential of compounds related to DES to 
cause reproductive tract changes in neonates and pu- 
bescent animals is therefore considered important [5, 31, 
44, 45]. Such studies typically focus on reproductive 
tract development following 3-5 days of dosing in ro- 
dent neonates in order to observe such pathologies as 
vaginal adenosis [44, 45]. 



Immun omodulators 

Therapeutic agents that modulate the body's immune 
response to cancerous cells usually do so at concentra- 
tions significantly lower than those that cause severe 
toxicities in animals of the type seen with standard cy- 
totoxic agents. Some biological responses to immuno- 
modulators are species specific and may be related to 
toxicity to the immune system. Non-species-specific tox- 
icities, however, do occur that are not directly related to 
modulation of the immune system. Thus, a standard 
safety evaluation conducted to identify these non-species- 
specific toxicities is important. As for hormonal agents, 
standard 28-day toxicology studies with daily drug ad- 
ministration are adequate to support initiation of phase I 
and phase II clinical trials that enroll advanced-stage 
cancer patients. In addition to the toxicology studies, 
knowledge of the mechanism of action also contributes to 
the evaluation of the safety of immunomodulators and 
selection of a starting dose. Studies that combine a 
measurement of the appropriate immunological response 
in addition to toxicity assessments are particularly useful 
because these agents, unlike most other drugs used to 
treat cancer, have sometimes exhibited bell-shaped dose 
response curves for desired activities. It is therefore es- 
pecially important to use a starting dose that does not 
exceed the beneficial therapeutic range. The low doses 
often administered early in the phase I study sometimes 
give plasma concentrations of immunomodulators that 
preclude conventional pharmacokinetic study. In lieu of 
pharmacokinetic data, it may be useful to provide animal 
data on possible surrogate endpoints of activity that can 
be used in the clinic to demonstrate that active concen- 
trations have been reached. Surrogate markers of activity 
that have been assessed include induction of interfer- 
on,TNF-ot, neopterin, or |3-2-microglobulin [41, 49]. 



181 



Considerations for modulating therapies 

Multidrug resistance-reversing agents 

Prior to therapy, during therapy, or at the time of 
relapse, many tumors develop resistance to a variety of 
structurally unrelated anticancer drugs. This phenome- 
non is termed multidrug resistance (MDR). Mechanisms 
of MDR include, but are not limited to, altered 
expression of P-glycoprotein (P-gp), MDR-associated 
proteins (e.g. MRP and LRP), topoisomerases, and 
glutathiones-transferases. Currently most MDR- 
reversing agents under development target the P-gp-de- 
pendent mechanism. P-gp is encoded by the mdr\ gene 
that is often amplified or overexpressed in MDR-mani- 
festing tumors [26]. By functioning as an efflux pump, 
P-gp causes decreased drug accumulation and reduced 
cytotoxicity of anticancer drugs in tumor cells. P-gp is 
also expressed in many normal tissues (e.g. in the gas- 
trointestinal tract, brain, kidney, and liver) [9]. One role 
of P-gp expression is presumably to carry out the efflux 
of toxic substances from these tissues. The inhibition of 
the efflux function of P-gp by a MDR-reversing agent 
increases intracellular concentrations of the cytotoxic 
drug in tumor tissue expressing P-gp. However, inhibi- 
tion may also increase levels of cytotoxic drugs in nor- 
mal P-gp-expressing tissues, potentially resulting in 
alterations of the severity and types of toxicities usually 
associated with the cytotoxic drug alone [1]. Further- 
more, clinical and preclinical studies have shown that 
drugs interacting with P-gp can significantly alter the 
pharmacokinetics of cytotoxic drugs [2]. 

In view of the added risks associated with the com- 
bination of a MDR-reversing agent and a cytotoxic 
drug(s), the following preclinical studies are considered 
important for determining the safety of a proposed 
clinical trial. First, a standard profile of toxicology 
studies for the MDR-reversing agent alone should be 
conducted which take into consideration the likely du- 
ration of use in early clinical trials. Second, a study of the 
MDR-reversing agent combined with the cytotoxic drug 
in one species (usually a rodent) should be conducted to 
assess toxicity at both minimally and significantly toxic 
doses of the cytotoxic agent (Table 3). This information 
may also be derived from in vivo combination efficacy 
studies when an assessment of toxicity has been included. 
Based on experience to date, a combination study with 
one cytotoxic drug from a structurally related thera- 
peutic class generally suffices for determining the safety 
of the modulator with all cytotoxic drugs in that class. 
Third, appropriate pharmacokinetic parameters should 
be derived since pharmacokinetic changes have often 
been shown to be important in interpreting the toxicity 
from such combinations. 

There are several approaches for the selection of 
starting doses and escalation schemes for combinations 
of anticancer drugs and MDR-reversing agents. Some 
investigators have chosen to use a relatively high dose 



(or effective concentration) of MDR reverser and to 
escalate the anticancer drug. Others have started with a 
relatively high dose of the cytotoxic drug and escalated 
the MDR reverser. Neither of these approaches has been 
established as superior. Preclinical studies can guide ei- 
ther approach to dose selection by establishing a ratio of 
toxicity or potential toxicity of a given dose of the cy- 
totoxic drug in the presence and absence of the MDR 
reverser. Acceptable endpoints for establishing this ratio 
might include direct measures of severe toxicity, such as 
marrow suppression or lethality, or measures of plasma 
concentrations. For example, when a therapeutic dose of 
a reversing agent increases the AUC of the cytotoxic 
drug fivefold in a preclinical model, a starting dose of 
the cytotoxic drug that is decreased by a factor of five 
from the accepted clinical dose of the cytotoxic drug 
alone would usually be appropriate. Further adjust- 
ments in the dose of the cytotoxic drug, either up or 
down, can then be derived from the initial clinical ex- 
perience. 



Radiation and chemotherapy sensitizers 

Additional preclinical studies are usually important for 
the development of sensitizing agents for oncologic in- 
dications. In addition to the standard profile of toxi- 
cology studies in two species for the sensitizer alone, 
data on the ability of a sensitizing agent to enhance the 
toxicity of a cytotoxic or cytostatic therapy to non- 
neoplastic tissue is highly desirable. As for MDR-re- 
versing agents, a study of the sensitizer combined with 
the cytotoxic therapy in one species (usually a rodent) 
that assesses toxicity at both minimally and significantly 
toxic doses of the cytotoxic agent or radiation therapy is 
considered important (Table 3). Although this is a 
^raightforward toxicology study when the sensitizer is 
combined with a drug (e.g. L-buthionine-,S, J R-sulfoxi- 
mine and alkylating agents), it is not so simple with 
radiosensitizers because radiation toxicity may only be 
apparent upon histopathologic examination and because 
the toxicity can be substantially delayed. One approach 
to address this issue with radiosensitizers is to conduct 
skin and leg contracture assays in mice [43] in lieu of 
comprehensive toxicology studies of the combination. 
The dosing scheme for these animals should be designed 
to support the planned clinical trial, but given the 
common clinical use of highly fractionated radiothera- 
py, this may not always be feasible. 

How best to conduct the initial clinical trial is highly 
dependent on the combination modality, and advice on 
dose escalation and scheduling is product-specific. When 
the sensitizer is intended for combination with a therapy 
that has curative potential, the starting dose, frequency 
of dosing, and dose escalation plan for the new sensitizer 
needs to be carefully considered. Enhanced toxicities 
from the combination that significantly shorten or delay 
cycles of the standard therapy should be avoided so that 
efficacy of the standard therapy is maintained. One 
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accepted approach is to administer a full standard dose 
of radiation or anticancer agent, and a dose of the sen- 
sitizer projected to have some activity but that imparts 
little toxicity to the treatment regimen. Other ap- 
proaches may also be acceptable provided that they are 
supported by a sound scientific rationale. 



Chemoprotection 

Chemoprotection is the use of drugs to mitigate the toxic 
effects of antineoplastic compounds. Marketed examples 
of this class include dexrazoxane, amifostine, mesna and 
leucovorin, which decrease the toxicities of doxorubicin 
(heart), cisplatin (kidney), ifosfamide (bladder) and 
methotrexate (high dose rescue), respectively. The tox- 
icologic testing of the chemoprotective agent alone in one 
rodent and one nonrodent species should be based on the 
proposed use in the clinical trials. Usually these studies 
are done with a similar route, schedule and duration of 
administration as when combined with the antineoplastic 
agent. Reproductive toxicity testing for the protectant 
alone should be considered when the protectant is to be 
combined with a chemotherapeutic agent not known to 
be teratogenic. When the chemotherapeutic agent is 
known to be teratogenic, it may be useful to assess the 
ability of the protective agent to prevent this toxicity. The 
initial clinical dose for a chemo protectant should ideally 
be chosen based on projected efficacy, but should not 
exceed the dose selected by standard toxicity criteria (i.e. 
one-tenth the rodent STD 10 unless that dose is severely 
toxic to nonrodents). 

While the primary issue is the toxicity of the chemo- 
protective agent alone, additional concerns include the 
possibility of protection of the tumor from the antineo- 
plastic effects of chemotherapy and the possible augmen- 
tation of some of the toxic effects of the chemotherapeutic 
agent. For example, leucovorin, while able to mitigate the 
effects of an overdose of methotrexate, can also increase 
the toxicity of 5-fluorouracil [42]. Diethyldithiocarba- 
mate, investigated to decrease the toxicity of cisplatin, 
actually increased the rate of tumor regrowth following 
the end of chemotherapy in a rat in vivo model when 
administered intraperitoneally [3]. In a clinical study, no 
change in response to 100 mg/m 2 cisplatin was noted, 
while the patient withdrawal due to toxicity was increased 
significantly in the diethyldithiocarbamate plus cisplatin 
arm [24]. In another clinical study, treatment with 
pyridoxine (vitamin B 6 ) to reduce the neurotoxicity of 
hexamethylmelamine and cisplatin was associated with a 
significant decrease in duration of response in ovarian 
cancer patients [48]. These clinical findings emphasize 
that the potential for tumor protective effects and 
changes in toxicity should be examined in preclinical 
studies of chemoprotective agents. 

Toxicity data on the combination of the chemopro- 
tectant and the antineoplastic agent can be derived from 
efficacy experiments, provided that histopathologic data 



are collected. Although in vitro data are useful, the in- 
fluence on tumor protection by the chemoprotectant 
should be examined in vivo, where additional factors such 
as changes in metabolic profile of either drug may affect 
outcome. Comparisons of the duration of response (i.e. 
time to tumor regrowth) between an antineoplastic alone 
and the combination of antineoplastic and chemopro- 
tectant are particularly important. This information on 
the interaction between the chemoprotective agent and 
the chemotherapeutic agent can be valuable for the de- 
sign of pivotal or large scale clinical studies. 



Considerations for changes in route or formulation 

Changes in the route of administration or in the formu- 
lation of anticancer drugs are often pursued with a goal of 
improving drug utility. If a clinical trial is proposed by the 
oral route for a drug that has already been investigated by 
intravenous administration, then additional preclinical 
studies should address whether there is enhanced liver 
toxicity, direct gastrointestinal toxicity, or altered me- 
tabolism (due to microflora in the gastrointestinal tract, 
the intestinal wall, or a first-pass effect through the liver). 
An oral animal toxicity study with bioavailability data or 
an oral animal efficacy study with assessment of gastro- 
intestinal and liver toxicity can address these concerns. 
The schedule of administration used in such a study 
should reflect the planned schedule of administration in 
the proposed phase I clinical study. A careful assessment 
of the forms of the drug present in blood should also be 
attempted, particularly if it is believed that metabolites 
contribute to the activity or toxicity. Pharmacokinetic 
information in humans for the i.v. formulation would 
also be useful for determining the starting dose of the oral 
formulation, but is not mandatory. 

When i.v. administration is proposed for a drug with 
which there is oral clinical experience, the main concern 
is that the systemic exposure and resulting toxicity may 
be much greater by the i.v. route. Either an i.v. animal 
toxicity study (using the same schedule of administration 
as proposed for the initial phase I trial) or pharmaco- 
kinetic data with the oral formulation in humans that 
supports an acceptable exposure after the i.v. adminis- 
tration is important before beginning a trial with an i.v. 
formulation. Similarly, concerns about increased sys- 
temic exposure should be addressed when the formula- 
tion of an oral anticancer agent in clinical trials is 
changed. The studies needed to support use of the new 
formulation depend on the bioavailability of the original 
formulation in humans and on whether the potential 
exists to significantly increase bioavailability with the 
new formulation. For example, if the bioavailability in 
humans of the original formulation is near 100%, then 
there is little risk of increased toxicity with the new 
formulation and no new studies would be needed. On 
the other hand, if the bioavailability of the original 
formulation in humans is low, then a bioavailability 
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study comparing the new formulations in an appropriate 
species should be considered. An appropriate starting 
dose for the initial phase I trial with the new formulation 
can be projected from these data. In some circum- 
stances, it may be sufficient to test a dose of a new for- 
mulation in humans without an animal study, so long as 
the dose is reduced to take into account potential 
changes in bioavailability. 



Summary 

Preclinical studies are an essential component of the 
drug development process. The preclinical development 
of new anticancer drugs is unique because of the life- 
threatening nature of the disease and because in most 
cases humans will be dosed to toxicity. In oncology, 
these studies are particularly useful in determining po- 
tentially safe and effective starting doses and schedules 
for a clinical trial. These studies also help to predict 
clinical toxicities and their reversibility, and provide a 
means for the determination of a dose-escalation 
scheme. The availability of adequate preclinical data can 
minimize the number of patients treated with ineffective 
doses or therapies in phase I trials and allow rapid de- 
termination of phase II doses. Preclinical studies are 
most useful when conducted using the same schedule, 
duration, formulation, and route of administration as 
that proposed in the clinical trial. 

Basic research continues to provide information 
about new cellular mechanisms central to malignancy 
and often leads to drugs that attempt to exploit those 
mechanisms. The optimal development of a new class of 
drugs may differ from successful approaches used in the 
development of older well-established classes. New bio- 
logical endpoints and new methods in toxicology may 
also be discovered and cannot be anticipated. The rec- 
ommendations in this report have thus attempted to 
avoid being so restrictive and specific as to impede the 
development of innovative therapeutics for clinical use. 
Instead, the concerns that should be addressed have 
been emphasized. 

It is assumed that most of the studies conducted to 
assess the toxicity profile of a drug follow GLP [16, 17]. 
Before a phase I clinical trial is initiated in patients with 
advanced cancers, two preclinical toxicity studies are 
usually conducted. One is a study in a rodent species that 
can identify doses that result in life-threatening and non- 
life-threatening toxicities. The other is a study to confirm 
that doses are identified that are not lethal and do not 
cause serious or irreversible toxicity in a nonrodent 
species. These studies, to the extent feasible, should be 
based on a rational schedule for efficacy and mimic the 
schedule and duration proposed in the phase I clinical 
trial. 

Although not required, pharmacodynamic and phar- 
macokinetic studies can provide substantial additional 
support for the safety profile (starting dose, escalation. 



and drug combinations) and optimal potential use of the 
drug (tumor type, schedule, and route). This informa- 
tion is especially important in the development of 
noncytotoxic drugs (e.g. MDR reversers and immuno- 
modulators) where the objective of the phase I or II 
clinical study may not be to reach MTD. 

Depending on the type of antineoplastic agent under 
study, different approaches for estimating starting doses 
are appropriate. The phase I starting dose for cytotoxic 
agents in humans is generally one-tenth of the rodent 
STD 10 on a milligrams per meter squared basis so long 
as this starting dose does not cause serious irreversible 
toxicities in nonrodents. If this dose causes irreversible 
toxicities in nonrodents, then the starting dose should be 
no more than one-sixth of the highest dose that does not 
produce lethality or serious irreversible toxicity in the 
nonrodent species. For noncytotoxic agents, starting 
dose selection should take into account the drug's 
pharmacodynamically active doses, provided that they 
do not cause substantial toxicity. Regardless of the 
method used to select the starting dose, the planned dose 
escalation scheme should be designed based on the 
slopes of the dose response curves for toxicodynamics 
and pharmacodynamics, the types of toxicities observed, 
and the pharmacokinetics of the drug. 

In the later stages of anticancer drug development, 
when information is available on toxicity to humans, the 
need for additional toxicology studies should be evalu- 
ated. For most cytotoxic drugs, toxicity studies of lim- 
ited duration suffice. With drugs intended for 
chemoprevention, adjuvant therapy, long-term hormone 
therapy, or long-term immunomodulator therapy, ani- 
mal toxicity studies up to a maximum of 6 months in 
rodents and 12 months in a nonrodent species may be 
important for assessing safety and for supporting mar- 
keting approval. In addition, reproductive toxicity and 
carcinogenicity studies should be conducted when ap- 
propriate (e.g. for chemoprevention indications). De- 
pending upon the nature of toxicity profiles in animal 
species and humans, special studies addressing potential 
organ system toxicities may also be useful. 

The CDER Division of Oncology Drug Products of 
the FDA welcomes discussion of specific anticancer drugs 
at the early stages of development to facilitate rapid and 
efficient drug development. Prior to filing an IND, 
sponsors may have discussions with appropriate FDA 
staff and request pre-IND evaluations of their study 
plan. This may help sponsors to avoid spending time and 
resources on unnecessary studies, and may help to 
expedite initiation of clinical studies of promising new 
drugs. 
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A B S TRACT 

Purpose 

We studied the safety, clinical activity, and pharmacokinetics (PK) of AG-013736, an oral 
receptor tyrosine kinase inhibitor of vascular endothelial cell growth factor, platelet-derived 
growth factor, and c-Kit, in patients with advanced cancer. 
Patients and Methods 

Patients received fixed doses of AG-013736 orally in 28-day cycles. In the first cohort, 
patients initially received two single test doses of AG-013736 (10 and 30 mg); subsequent 
dosing was determined by individual PK parameters. Doses in subsequent cohorts were 
assigned by using a traditional dose-escalation/de-escalation rule based on observed 
toxicities in the current and previous cohorts. PK analysis included evaluation of the effect of 
food and antacid. 

Results 

Thirty-six patients received AG-013736 at doses ranging from 5 to 30 mg by mouth twice 
daily. The dose-limiting toxicities observed included hypertension, hemoptysis, and stoma- 
titis and were seen primarily at the higher dose levels. The observed hypertension was 
manageable with medication. Stomatitis was generally tolerable and managed by dose 
reduction or drug holidays. AG-013736 was absorbed rapidly, with peak plasma concentra- 
tions observed within 2 to 6 hours after dosing. The maximum-tolerated dose and 
recommended phase II dose of AG-013736 is 5 mg, twice daily, administered in the fasted 
state. No significant drug interaction with antacid was seen. There were three confirmed 
partial responses and other evidence of clinical activity. 

Conclusion 

In this study, we have demonstrated clinical activity and safety of AG-01 3736 in patients with 
advanced solid tumors and identified the dose for phase II testing. The unique phase I study 
design allowed early identification of important absorption and metabolic issues critical to 
phase II testing of this agent. 

J Clin Oncol 23:5474-5483. © 2005 by American Society of Clinical Oncology 



Angiogenesis is necessary for the progres- 
sion from benign to malignant tumors, as 
well as growth and metastases of malig- 
nant cells. 1 " 7 Disruption of endothelial cell 
responses responsible for abnormal blood 
vessel formation may be used to stop tu- 
mor growth. 811 



A strong correlation has been observed 
between vascular endothelial cell growth fac- 
tor (VEGF) expression and tumor microvessel 
density in multiple tumor types, 12 " 14 support- 
ing the role of VEGF in facilitating tumor 
angiogenesis 15 ' 16 through its receptors. Abro- 
gation of signaling through both the VEGF 
receptor (VEGFR) and platelet-derived growth 
factor receptor-/3 (PDGFR-/3) has been 
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demonstrated to inhibit angiogenesis and tumor growth in 
preclinical models, with early supportive clinical results. 17 " 20 

AG-013736 is a substituted indazole derivative that was 
discovered by using a structure-based drug design. Mecha- 
nistically, AG-013736 is a potent small molecule tyrosine 
kinase inhibitor of all known VEGFRs at subnanomolar 
concentrations and PDGFR-/3 and c-Kit in low nanomolar 
concentrations. In vitro, AG-013736 selectively blocks 
VEGF-stimulated receptor autophosphorylation leading to 
inhibition of endothelial cell proliferation and survival. In 
mice, AG-013736 inhibited tumor vascular angiogenesis 
and the growth of human colorectal and murine lung tu- 
mors. This antitumor effect was associated with a signifi- 
cant decrease in microvessel density and increased tumor 
necrosis. In a transgenic mouse model of spontaneous islet 
cell tumors, treatment with AG-013736 eliminated endo- 
thelial fenestrations and suppressed vascular sprouting 
within 24 hours. At 7 days, vascular density decreased 
more than 70%, and significant tumor shrinkage was 
seen at 21 days. 21 

Given strong preclinical evidence for antitumor/ an ti- 
metastatic activity, a first -in-human phase I trial was con- 
ducted to test AG-013736 in patients with advanced solid 
malignancies. The primary objective was to determine 
dose-limiting toxicity (DLT) and the maximum-tolerated 
dose (MTD) of AG-013736. Secondary objectives were to 

(1) evaluate the pharmacokinetics (PK) of oral AG-013736, 

(2) conduct a pilot evaluation of the effect of food on 
AG-013736 PK, (3) conduct a pilot evaluation of the effect 
of an antacid on the PK of AG-013736, and (4) document 
preliminary evidence of antitumor activity. Dynamic 
contrast-enhanced (DCE) imaging was performed to eval- 
uate the association between PK and vascular response; 
these data are reported in a separate publication. 22 



Patients were enrolled at the University of Wisconsin Comprehen- 
sive Cancer Center, University of Texas M.D. Anderson Cancer 
Center, and University of California, San Francisco Comprehen- 
sive Cancer Center between May 2002 and lanuary 2004. All 
patients were > 18 years of age with histologically confirmed 
advanced nonhematologie cancer relraclory lo standard therapy 
or for which no effective therapy was available. An Eastern Coop- 
erative Group performance status of 0 to 2 and a life expectancy of 
> 12 weeks were required. All patients had completed prior ther- 
apies with adequate time allowed for recovery from toxicity. Ad- 
ditional inclusion criteria included: adequate bone marrow, renal, 
and liver function (bilirubin < 1.5 mg/dL, transaminases < 2.5 X 
upper limit of normal or < 5 X upper limit of normal with 
documented liver metastasis >. No prior history of coronary artery 
disease, significant gasuoin lest ina I abnormalities, or uncontrolled 
brain metastases was permitted. Patients with a positive stool 
guaiac test without evidence of active bleeding were included 
provided monitoring of the hemoglobin was performed during 
the trial. In addition, patients requiring the use of potent CYP3A4 

nmv.icc.cty. 



inhibitors or CYP3A4/CYP 1 A2 inducers, chronic H 2 antagonists 
or proton-pump inhibitors, or therapeutic anticoagulant therapy 
were not eligible. By amendment, patients with proteinuria > 500 
mg/24 hours, squamous cell lung cancer, centrally located lung 
lesions (of any histology), and uncontrolled hypertension (systolic 
> 140 mmHg, diastolic > 90 mmHg) were excluded because of 
observed toxicities. 

Drug Administration and Study Design 

AG-013736 was supplied as 1-and 10-mg film-coated tablets. 
AG-013736 was administered either once daily (QD) or BID, with 
no scheduled breaks. Each cycle of therapy was defined as 28 days. 

Calculation of Starting Dose and Continuous 
Drug Dosing 

Initial dosing was chosen based on a modification of the 
recommendations of DeGeorge et al 23 : one sixth of the body- 
surface area-adjusted minimal effect dose (MED; 10 mg/kg/d) 
identified in a 28-day dog study of AG-013736. This resulted in a 
calculated safe human starting dose of 30 mg BID. Cohorts of 6 
patients were planned at each dose level. To obtain an early eval- 
uation of in vivo PK and safety, patients in cohort 1 were initially 
treated with a single test dose of 10 mg, followed by a single test 
dose of 30 mg at least 48 hours later. The two single doses were 
selected to not exceed the projected starting dose and to provide an 
early assessment of PK dose proportionality. 

Each patient in the first cohort was then assigned a continu- 
ous dose based on their single-dose PK to obtain steady-state 
plasma exposures similar to that associated with the MED in dogs. 
The specific continuous dose was estimated as the product of 
observed apparent plasma clearance and target MED exposure in 
dogs. The six patients in cohort one received doses between 10 mg 
QD and 30 mg BID. 

Based on the overall safety profile of the first cohort, the 
average dose evaluated in the first cohort (20 mg BID) was selected 
as the continuous dose for the second cohort. In subsequent 
cohorts, escalation of doses by 100% or 40% was planned. How- 
ever, because of the significant toxicity seen in the first two co- 
horts, a dose de-escalation schema was used. 

Dose Reductions and Modifications 

Dose reductions or interruptions of AG-013736 treatment 
were added by amendment for hypertension, proteinuria, and 
hemoptysis. Dose modifications for other toxicities were decided 
between the investigator and sponsor. Intra patient dose esealat ion 
was not allowed. Treatment was discontinued for disease progres- 
sion, unacceptable toxicity, or withdrawal of consent. Patients 
were considered to have completed the study after receiving 
eight cycles of treatment; however, they could continue to 
receive AG-013736 on a separate follow-on protocol for as long 
as they derived benefit. 

Definition of DLT/MTD 

DLT was defined as any of the following during the first cycle 
when considered related to AG-01 3736 treatment: select grade 2 or 
higher gastroin I est inal t oxicit y despite 1 he use of medical interven- 
I ion ,ii id/or prophylaxis, grade .'. anemia, grade 1 I hrombocytope- 
nia, or grade 3 nonhematologic toxieil ies except n a usea, vomiting, 
diarrhea, constipation, pain, and hypertension controlled with 
medication. The MTD was defined as the dose at which no more 
than one of six patients ina single cohort experienced DLT in the 
first cycle. 



5475 



Information downloaded from jco.ascopubs.org and provided by Pfizer DIS on January 31, 2008 from 148.168.127.10. 
Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved. 



Rugo et a I 



PK 

Plasma samples were collected over 12 hours after dosing in 
all patients for evaluation of multiple-dose PK on days 1 and 15 
(cycle 1) and day 29 (cycle 2, day 1 ). Additionally, predose trough 
samples were collected on days 43 (cycle 2, day 15) and 57 (cycle 3, 
day 1 ). Whole blood (5 ml) was collected in K 3 -EDTA vacutainer 
tubes at predose, 0.5, 1, 2, 4, 8, and 12 hours after dosing and 
centrifuged at 1,000 X gfor 15 minutes, and plasma was frozen at 
— 20°C. Analysis was conducted at Charles River Discovery and 
Development Services (Worcester, MA). Adequate precautions 
were taken to minimize degradation of AG-013736 in plasma/ 
whole blood when exposed to visible light. 

Assay for Measurement of AG-013736 in 
Human Plasma 

Plasma concentrations of AG-013736 were measured by 
using a validated liquid chromatography-tandem mass spectro- 
metric method (lower limit of quantitation, 0.1 ng/mL). Briefly, 
AG-013736 and the deuterated internal standard were extracted 
from plasma with an ethyl acetate/hexanes mixture. The extracts 
were evaporated to dryness, reconstituted in aqueous methanol 
mobile phase, and eluted from a reversed-phase column onto a 
triple-quadrupole mass spectrometer for detection. 

Standard AG-013736 plasma PK parameters were estimated 
by using noncomparl mental methods (using the VVINNonlin Pro- 
fessional software; Scientific Consultant, Apex, NC), version 3.2. 
AG-013736 levels were also measured in the urine of patients. 

Evaluation of Food Effect 

Patients in cohorts two through four participated in a pilot 
food-effect study. On day 29, patients received their morning 
AG-013736 dose within 30 minutes of completion of a 1,000- 
calorie meal (50% caloric content from fat). On day 30, patients 
received their morning dose after an overnight fast of at least 6 
hours. PK samples were collected for 12 hours on both days. Based 
on this evaluation, patients in the fifth and sixth cohorts were 
asked to fast for 2 hours before and after each AG-013736 dose. 

Evaluation of Antacid Effect 

Patients in cohort six participated in a pilot antacid-effect 
study to evaluate (he effect of the proton- pump inhibitor rabepra- 
zole (Aciphex) on AG-013736 PK. On days 30 to 34, patients 
received 20 mg of rabeprazole daily 3 hours before their morning 
AG-013736 dose. On day 34, PK samples were collected for 12 
hours after the morning AG-013736 dose. 

Pretreatment and Follow-Up Evaluations 

Complete medical history, physical examination including 
vital signs, Eastern Cooperative Oncology Group pertonnanee 
status, full blood count, and serum chemistry and urinalysis were 
performed at baseline, weekly during the first cycle, and monthly 
thereafter. A 12-lead ECG and stool guaiac test were performed at 
baseline. A serum or urine pregnancy test was performed in 
women of c hildbearing potent ial. Toxicity was evaluated by clini- 
cal and laboratory examination and graded by using the National 
Cancer Institute Common Toxicity Criteria, version 2.0. 24 After 
hypertension was identified as a DLT, all patients were required to 
monitor and record their blood pressures at least once daily. 
Radiological or physical assessment of tumors was done within 28 
days before the first dose and then repea I ed every two cycles (every 
8 weeks). Patients were evaluated for response by using standard 
Response Evaluation Criteria in Solid Tumors (RECIST). 25 
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Additional Assessments 

Plasma samples were collected to evaluate exploratory bi- 
omarkers related to the VEGFR pathway. In an effort to evaluate a 
possible renal etiology for the hypertension seen in patients treated 
with AG-01 3736, renin, angiotensin II, and aldosterone levels were 
measured in the plasma of patients from cohorts five and six 
receiving 5 mg of AG-013736 BID in the fasted state. Blood sam- 
ples were collected before dosing on day 1 and then 4 hours after 
the morning AG-013736 dose on days 1,15, and 29 (cycle 2, day 1). 



Patient Characteristics 

A total of 36 patients with advanced solid malignancies 
were treated with AG-013736 in this phase I trial. The 
patients received oral doses ranging from 5 mg BID to 30 
mg BID. The first four cohorts were dosed in the fed state, 
and the last two cohorts were dosed in the fasted state 
(denned as no food or drink other than water in the 2 hours 
before and after AG-013736 dosing; Table 1) after PK data 
demonstrated improved absorption in the fasted state (see 
PK) . Selected patient characteristics are summarized in Ta- 
ble 2. Twenty-six patients (72%) had received prior chemo- 
therapy, and 18 patients (50%) had prior radiotherapy. 

PK 

AG-013736 administered in the fed state was absorbed 
rapidly, with peak plasma concentrations occurring within 
2 to 6 hours after dosing (Table 3, Fig 1). Plasma concen- 
trations declined with a terminal plasma half-life between 2 
and 5 hours. AG-013736 plasma PK reached steady state 
within 15 days, with no unexpected accumulation. Patients 
in cohorts two through four demonstrated generally linear 
PK, as evidenced by dose-proportional increases in maxi- 
mum plasma concentration (C max ) and area under the 
curve (AUC; Fig 2). 

At the phase II dose of 5 mg BID given in the fasted 
state, the between-patient coefficient of variation for 
AUC 0 _ 24 on cycle 1, day 15 was 90% (Table 3); the corre- 
sponding coefficient of variation for C max was 63%. A total 



Table 1. Summary of Cohorts (N = 36) 


Cohort 


AG-01 3736 Dose 


Fed/Fasted 


No. of 
Patients 






Fed 


6 


2 


20 mg BID 


Fed 




3/ 


5 mg BIO 


Fe d 


6 


4 
5 


15 mg QD 
StngBlD 

2 mg BID (days 1-2) 
5 mg BID (days 3 + ) 


Fed 
Fasted 


6 
3 
6 


Abbreviation: 
The followinc 


QD, once daily, 
doses were administered: 


1 0 mg QD (one 


patient), 10 mg 
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Table 2. Characteristi 


;s of the 36 Enrolled Patients 








Patients 


Age, years: 




No 




Median 
: Range: 






41-76 


Sex 
Male 




20 


56 


: ECOG performance status : 
0 

WMMiMMMMiMm 


27 


75 


2 . 
White 




3 

30 
3 


83 
8 


Hispanic 
Black 




2 


3 


Tumor tvpe 
Breast 




6 

llllllllllll 
3 
2 


: ;8 . 
5 


Renal cell 

Thyroid 

: Mesothel ior 

NSCLC 




3CC skin 
Other* 




2 

3 


: i;5. 
5 


Abbreviations: ECOG, Eastern Cooperative Group; NSCLC, non-small- 
cell lung cancer; SCC, squamous cell carcinoma 

*Other tumor types included one patient each with prostate cancer, 
adenoid cystic carcinoma, and melanoma. 



of 9 of 16 patients in cohorts two through four completed 
the pilot food-effect study. Both the rate and extent of 
absorption were higher in the fasted state, as evidenced by 
higher C max , higher AUC 0 _ 24 , and a shorter T max in the 
majority of patients. Peak concentrations occurred 1 to 2 
hours after dosing in the fasted state, and there was a me- 
dian 49% increase in plasma exposures compared with the 
fed state. Plasma half-life was not changed appreciably in 
fed and fasted states (Table 3, Fig 3). There was no differ- 
ence in the effect of food across dose groups. 

In the presence of the potent proton-pump inhibitor 
rabeprazole, the rate of absorption of AG-013736 was de- 
creased (reduction in C max ), but the extent of absorption 
was unaffected (marginal to negligible changes in the AUC; 
Fig 4). Rabeprazole was administered in this pilot evalu- 
ation for 5 days to maximize its gastric pH-lowering 
effect. Because of the minimal change in plasma exposure 
in the presence of rabeprazole, the effect of antacids on 
AG-013736 absorption was not considered to be clini- 
cally significant. 

Twelve-hour urinary collections obtained on days 1 
and 29 (cycle 2, day 1) demonstrated that < 1% of the 
administered dose appeared as unchanged drug in the urine 

nmv.icc.cty. 



regardless of dose, which indicates that the majority of drug 
elimination was through systemic metabolism. 

Soluble plasma proteins (VEGF, fibroblast growth fac- 
tor, tumor necrosis factor-alpha, and matrix metallopro- 
teinases 2 and 9) evaluated in this study as exploratory 
markers related to VEGFR signal transduction pathways 
did not show any variation with treatment. 

DLT and MTD 

The primary DLT was hypertension. All DLTs are sum- 
marized in Table 4. Based on the experience of the first two 
cohorts, a dose of 20 mg BID exceeded the MTD. DLTs also 
occurred in patients who were treated in the first two cohorts 
with 10 mg BID; consequently, this dose was considered to be 
above MTD and was never tested in a separate cohort. 

The MTD and recommended phase II dose of AG- 
013736 is 5 mg BID in the fasted state. Of 14 patients treated 
in two cohorts with this dose, two DLTs (grade 2 stomatitis 
and grade 3 diarrhea) were observed (Table 4). 

Safety 

Toxicities reported in at least 10% of patients and all 
grade 3 and 4 toxicities are summarized in Table 5. The 
principal toxicities were hypertension, fatigue, diarrhea, 
stomatitis, nausea, and vomiting. Of these, hypertension 
was reported the most frequently, occurring in 22 patients 
(61%). The majority of cases (18 patients) were controlled 
easily with antihypertensive medications. Of the remaining 
four patients, two developed grade 3 or 4 hypertension and 
withdrew from the study without attempting medical man- 
agement. The other two patients developed grade 1/2 hy- 
pertension not requiring medication and withdrew from 
the study early because of disease progression. 

The incidence and severity of hypertension was dose 
dependent. In the first two cohorts in which doses ranged 
from 10 mg QD to 30 mg BID, hypertension was observed 
in all 10 patients and was grade 3 or 4 in severity in five 
patients. Seizures occurred in two patients in the first cohort 
(before hypertension was monitored and treatment guide- 
lines were established): one patient at 20 mg BID and one at 
10 mg BID. Neither of these patients had brain metastases 
or a prior history of seizures; both patients recovered with- 
out sequelae. In subsequent cohorts of patients receiving 
doses < 10 mg BID (n = 26), hypertension was a DLT in 
one patient receiving 15 mg QD. This patient continued on 
treatment at a lower dose with concurrent antihypertensive 
medication with good blood pressure control. Eleven other 
patients developed hypertension (including six of the 14 
patients treated at the recommended phase II dose) that was 
not dose limiting and was managed by standard antihyper- 
tensive medications. No consistent shifts in the levels of 
renin, angiotensin II, and aldosterone were seen with drug 
treatment, suggesting that AG- 01 3736 -related hyperten- 
sion is unlikely to be mediated through alteration of the 
renin-angiotensin-aldosterone pathway. 
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Information downloaded from jco.ascopubs.org and provided by Pfizer DIS on January 31, 2008 from 148.168.127.10. 
Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved. 





Table 3. Mean 


(percent coefficient of variat 


on) AG-013736 Plasma Pharmacokinetic 


Parameters 






Cmax. ng/mL 






AUC 0 _ 2 4, ng h/mL 




s CL/F (L/h) 


Vz/F (L) 




2 mg BID, fasted 
Day 1 in ■■■ 6)' 

5 mg BID, fed 
Day 1 (n = 6) 
Day 15 (n 6) 
Day 29 (n = 6) 

5 mg BID, fasted 


26(70) 

22 (42) 
27 (36) 
31 (49) 




1,7(72) 

3.2 (42) 
2 4 (59) 
4.2 (97) 


183(80) : 

188 (39) 
258 (39) 
380 (56) 


2.8 (72) 

2.3 (28) 
2 3(13) 
2.8(29) 


57(139) 

56 (34) 
45 (44) 
36 (66) 


155(83) 

188 (39) 
145(42) 
148 (49) 




Day 1 in '.. 8)t 
Day 15 (n - 12)* 
Day 29 (n - 12)* 

15 mg OD, fed 
Day 1 (n - 6) 
Day 15 (n 5) 
Day 29 (n - 4) 

20 mg BID, fed 


37(93) 
63 (66) 
63(57) 

108(72) 
82 (57) 
106(108) 




1.9(70) 
1.6(54) 
1.8(68) 

2.7 (38) 
6 0 (66) 
3.0 (32) 


194(72) 
451 (94) 

466 (85) : ; : V 


1.7(34) 
3,2(101 
3.1 (26) 

3.4 (34) 
4 6 (95) 
2 .7 (48) 


113 (106) 
45(92) 
43 (113) / 

35 (74) 
51 (127) 
56 (92) 


263 (108) 
174(137) 
182(134) 

180 (82) 
215(88) 
174(92) 




668 (66) 
717(72) 
712(98) 


Day 1 (n ■■■ 6) 
Day 15 (n 4) 


146(63) 
162(39) 




4.0(55) 
3.3(46) 


1.802 (65) 
2,171 (30) 


3.3 (39) 
4.8 (58) 


41 (134) 
20 (30) 


129(60) 
131 (50) 


Abbreviations: BID, twice daily; QD, once daily; C mox , maximal plasma concentration during the dosing interval; 7" max , time of maximal plasma concentration; 
AUC 0 _ 24 , area under the plasma concentration i/time curve from 0 to 24 hours (estimated as twice the AUCo_ 12 for BID dosing); f 1/2 , plasma elimination 
half-life; CL/F, oral plasma clearance; Vz/F, apparent volume of distribution of the drug during the elimination phase. 

*Patients in cohort six, who received 2 mg BID during the first two days on the study, followed by 5 mg BID dosing for the remaining duration of the study. 
tPatients in cohort five, who received 5 mg BID dosing, 
includes patients in cohorts five and six. 



A variety of grade 1 to 2 mouth-pain events (eg, stoma- 
titis, glossodynia) were reported as related to AG-013736 in 
11 patients. Two patients experienced grade 3 stomatitis, 
accompanied by grade 3 throat pain in one patient. Dose 
reductions or drug holidays helped to manage this toxicity. 
Grade 1 hoarseness or voice changes were reported as a 
drug-related event in five patients. 

Drug-related diarrhea was generally grade 1 to 2: one 
patient in cohort six experienced intermittent grade 3 diar- 
rhea and required dose reduction. Loperamide was used 
successfully to manage diarrhea in most patients. Nausea 
and vomiting were grade 1 to 2 in severity and manageable 
with medications. 

Five patients died during the study; three of the deaths 
were related to disease progression. Two patients with ade- 
nocarcinoma of the lung (non-small-cell lung cancer) in 
the second cohort (20 mg BID, reduced to 10 mg BID) 
developed fatal hemoptysis. One patient had a centrally 
located lung lesion and died acutely with grade 4 hemopty- 
sis while on AG-013736. Treatment with high-dose AG- 
013736 likely led to the rapid breakdown of a vessel wall 
with tumor infiltration, followed by fatal hemoptysis. Tht 
second patient with a peripherally located lung lesion devel 
oped grade 1 hemoptysis while on AG-013736; conse 
quently, treatment with the study drug was discontinued 
Two weeks later, the patient died of lung complication: 
including grade 4 hemoptysis, which was ultimately deter 
mined by the investigator to be related to disease and con- 
current infection. Based on these episodes of serious 



hemoptysis as well as reported similar bleeding events 
seen with other antiangiogenic agents, the protocol was 
amended to exclude patients with centrally located lung 
lesions of any type as well as patients with squamous cell 
carcinoma of the lung. The only other bleeding event 
reported as related to AG-013736 was one case of grade 1 
rectal bleeding. 

Abnormalities in laboratory parameters were reported as 
adverse events in Table 3 if they resulted in dose reduction, 
treatment interruption, or clinical sequelae or were otherwise 
considered important by the investigator. Findings from re- 
view of the laboratory data are summarized below. 

Asymptomatic proteinuria was observed in 7 of the 10 
patients enrolled in the first two cohorts, including two 
patients with grade 3 proteinuria by dipstick. The protocol 
was subsequently amended to exclude patients with pro- 
teinuria > 500 mg over 24 hours; dose adjustment or sus- 
pension of AG-013736 dosing was required for patients 
with proteinuria > 1 g over 24 hours. In subsequent cohorts 
treated at lower doses of AG-013736, proteinuria was less 
frequent and less severe. Of these 26 patients, only six de- 
veloped grade 1 or 2 proteinuria after starting treatment. 

Three patients developed grade 3 transaminase eleva- 
tions while receiving AG-013736. One patient with meta- 
static breast cancer developed pancreatitis and ischemic 
bowel associated with superior mesenteric vein thrombosis 
on 15 mg QD. The cause of this constellation of events was 
not determined, although tumor infiltration was suspected. 
In one patient, the change in liver-function tests was reported 
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Fig 1. Mean steady-state AG-013736 plasma concentrations on day 15 
of dosing. (A) C max , maximum concentration; (B) AUC, area under the 
curve. QD, every day. 

to be related to a concomitant medication (enalapril). The 
third case occurred in a patient receiving 20 mg BID. 

There was only one notable hematologic toxicity at any 
dose level: grade 2 thrombocytopenia resulting in treatment 
discontinuation in a patient taking 20 mg BID. 

Efficacy 

The primary purpose of this study was to establish the 
safety and MTD of AG-013736. In addition, patients were 
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Fig 2. Area under the curve (AUC) and maximum plasma concentration 
(C mox ) versus dose: linearity in pharmacokinetics. QD, every day. 
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Fig 3. Effect of food on AG-013736 (A) maximum plasma concentration 
(C mox ) and (B) area under the curve (AUC). 



evaluated for response according to RECIST. There were 
three confirmed partial responses and other indications 
of antitumor activity. One patient with adenoid cystic 
carcinoma enrolled in the 15-mg-QD cohort was identi- 
fied as a responder after completing three cycles. The 
response was ongoing 4 months later, when the patient 
stopped treatment because of subjectively intolerable 
grade 2 stomatitis accompanied by weight loss. Partial 
response was also observed in two of six patients with 
renal cell carcinoma (RCC). In one of these patients, 
response was identified after 10 weeks of treatment with 
5 mg BID in the fasted state. Disease progression was 
documented 18 weeks later. The second patient with 
RCC was identified as a responder after two cycles. One 
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Fig 4. Effect of the proton-pump inhibitor rabeprazole on (A) maximum 
plasma concentration (C max ) and (B) area under the curve (AUC). 
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Table 4. Dose-Limiting Toxicities (DLTs) 


Cohort (starting dose, No. of patients) 


No. of Patients 
With DLTs 


Dose-Limiting Toxicity (No. of 




1 (Various 4 fed, 6) 

2 (20 mg BID fed, 4) 

3 (5mg BID fed, 6) 

4 (15 mg OD fed, 6) 

5 (5 mg BID fasted; 8) 

6 (2 mg BID then 5 mg BID fasted, 6) 


: : : ;g;y 


Hypertension (3); increased liver function tests (21; sei? 
Hypertension (2); hemoptysis (1); stomatitis (1) 


jre (2); apnea : (1) : 


3 

m : 0 i 




Hypertension (1); stomatitis (1); pancreatitis, ischemic b 
Stomatitis (1) : : 
Diarrhea (1) 


owel, and thromboembolism (1) 






Abbreviations: BID, twice daily; QD, once 
*The following doses were administered 


10 mg QD (one pa 


ient), 10 mg BID (two patients), 20 mg BID (two patients). 


and 30 mg BID (two patients). 



year later, the patient stopped treatment with AG-0 13736 
to be evaluated for surgical excision of his remaining 
lung metastases. Four weeks later, his disease progressed 
such that surgery was no longer an option. AG-013736 
treatment was restarted, resulting in renewed tumor 
shrinkage (Fig 5). 

Cavitation of lung lesions was observed in the two 
patients with non— small-cell lung cancer (Fig 6). Although 
both patients subsequently died with hemoptysis (only one 
of the deaths was considered related to AG-013736), this 
may be evidence of a significant antiangio genie effect of 
AG-013736. Three additional patients had decreases in tu- 
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mor burden that did not qualify by RECIST criteria for 
response, including one patient each with mesothelioma 
(on treatment for 16 months), thyroid cancer (9 months), 
and RCC (4 months). Finally, a patient with refractory 
breast cancer experienced healing of skin lesions before 
starting treatment with the CYP3A inducer phenytoin (see 
Discussion for details). 

llllllllllllllllllllllllll::! 

This phase I study has defined the MTD for AG-0 13736 and 
identified important issues regarding absorption, drug in- 
teractions, and toxicities. In addition, data from this trial 
support the clinical activity of AG-013736 in advanced and 
refractory cancer, providing the information necessary to 
proceed with phase II testing in specific malignancies. 

As is commonly seen with orally administered drugs, 
PK was variable; the major determinant for variability is not 
clear at this time. In vitro studies with human liver indicate 
that AG-013736 is metabolized by conversion to glucuro- 
nide metabolites as well as oxidation by the CYP3A4 
and CYP1A2 isozymes, two P450 enzymes known to be 




Fig 5. Partial remission in a patient with renal cell carcinoma with renewed 
tumor shrinkage after a drug holiday. 
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Adverse Event* 



Hypertension 

Nausea 

Diarrhea 

Vomiting 

Headache 

Stomatitis 

Erythema 

Proteinuria 

Elevated ALT 

Elevated AST ; 

Urinary frequency : 

Oralcandiasis; 

Hemoptysis 

Hypercholesterolemia 



\b\ reviat ons: ALT, alanine aminotransferase; AST, aspartate am 

*Only laboratory abnormalities that resulted in dose reduction, tn 
nent interruption, or clinical sequelae, or were otherwise considered 
mportant by the investigator were recorded as adverse events. 
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Baseline Week 1 Week 4 Weeks 

20mgSID 20 mg BID lOmgBID lOmgBID 



Fig 6. Cavitation of lung metastasis in a patient with adenocarcinoma of 

inducible and thus likely to exhibit variability in patients. 
Additionally, the CYP3A4 isozyme content in human intes- 
tine and liver is known to be highly variable even in healthy 
(noninduced) individuals. 

Another contributor toward the PK variability could be 
differences in AG-013736 gastrointestinal absorption. PK 
testing in this trial revealed that dosing in the fasted state 
resulted in the best absorption; this recommendation has 
been incorporated into phase II trials. It is interesting to 
note that although the aqueous solubility of AG-013736 is 
pH dependent with low (acidic) pH, resulting in the highest 
solubility, drug concentrations in this study were not signif- 
icantly affected by the proton-pump inhibitor rabeprazole. 
Several clinical evaluations in healthy volunteers are ongo- 
ing or planned to better understand sources of variability in 
the oral PK of AG-013736. 

Data from a single patient in cohort one indicated a 
likely drug interaction with phenytoin. After phenytoin use, 
the AUC 0 _ 24 and C max of AG-013736 were reduced approx- 
imately 10-fold. Phenytoin is a potent inducer of multiple 
CYP450 enzymes, and it is likely that it induced AG-013736 
clearance. Although there had been clinical evidence of 
healing of malignant and ulcerating skin lesions in this 
patient before the start of phenytoin, she subsequently ex- 
perienced disease progression that resulted in discontinua- 
tion from study treatment. Concomitant use of potent 
inducers of the CYP3A4 and CYP1A2 isozymes was subse- 
quently excluded during treatment with AG-013736. 

The initial doses used in this trial were clearly above the 
MTD for AG-013736. Nonclinical safety studies conducted 
to support the phase I starting dose did not identify the 
hypertensive effect of AG-013736, which resulted in the 
clinical administration of the maximum administrable dose 
within the first two cohorts. In addition, DLT was not 
identified in cohort one (partly because the need for daily 
blood pressure monitoring had not been recognized yet) 
before enrollment was permitted by protocol into cohort 
two. This led to the selection of the cohort-two dose (20 mg 
BID) based on the relatively unremarkable early safety pro- 

nmv.icc.cty. 



file of patients in cohort one, who were receiving doses 
between 10 mg QD and 30 mg BID. The subsequent dose 
de-escalation and study amendment to monitor and treat 
hypertension adequately avoided additional significant tox- 
icity. The experiences described in this trial highlight the 
importance of well-designed phase I studies with detailed 
PK sampling to better understand human-specific end- 
organ toxicities, potential drug interactions affecting ther- 
apeutic blood concentrations, and therapeutic dosing. 

The observed toxicities are similar to those observed 
for other antiangio genie agents, 26 30 with some variability 
in DLT, and are dose related. Diarrhea and nonulcerating 
stomatitis (glossodynia) were generally tolerable. Hyper- 
tension, which was easily controlled with antihypertensive 
medications in patients receiving the recommended phase 
II dose of AG-013736, has also been seen with the antibody 
to VEGF, bevacizumab, 3 132 as well as with oral angiogenesis 
inhibitors. 27,33 The development of hypertension is likely to 
be related to a mechanistic effect of antiangio genie agents 
and may be a marker of VEGFR inhibition. However, in- 
creases in indices of vascular stiffness seen with the angio- 
genesis inhibitor BAY 43-9006 do not correlate with levels 
of circulating VEGF. 33 In addition to its role in trigger- 
ing angiogenesis, VEGF exerts a stimulatory effect on endo- 
thelial nitric oxide (NO) production by upregulating 
endothelial nitric oxide synthase expression. NO in turn has 
a vasodilatory effect. 34 " 36 Inhibition of VEGFR signaling by 
AG-013736 may cause a decrease in NO production, lead- 
ing to vasoconstriction and hypertension in a subset of 
patients. Preclinical data support this hypothesis; in vitro 
evaluation of AG-013736 in human umbilical vein endo- 
thelial cells revealed inhibition of endothelial nitric oxide 
synthase activity at the median infectious dose that inhib- 
ited VEGFR-2 phosphorylation. 37 

AG-013736 has clear clinical activity in advanced and 
refractory malignancies, as shown in this phase I trial. Sus- 
tained tumor response was seen in renal cell cancer as well as 
in adenoid cystic cancer, and antitumor activity was demon- 
strated in patients with lung cancer. Tumor necrosis with he- 
moptysis in centrally located lung lesions has been seen also 
with bevacizumab and may be a specific marker of anti- 
angiogenic activity. Earlier treatment of lung carcinomas and 
careful selection of patients could avoid this potentially life- 
threatening toxicity. The evaluation of pharmacodynamic re- 
sponse to AG-013736 measured by DCE magnetic resonance 
imaging, reported separately, demonstrated a decrease in tu- 
mor vascular parameters at the selected phase II dose. 

Based on the encouraging clinical results from this 
trial, evidence of antiangiogenic activity on DCE magnetic 
resonance imaging, and the tolerability of AG-013736 at a 
dose of 5 mg BID in the fasted state, current and planned phase 
II trials are evaluating efficacy as a single agent or in combina- 
tion with chemotherapy in a variety of malignancies. A variety 
of anti -VEGFR small molecules, differentiated by target and 
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specificity, are in development. 26 ' 30 ' 38 " 40 The multitargeted na- 
ture of these molecules, for example combining VEGF and 
PDGFR inhibition, may be critical to antitumor effects 19,41 
and maybe a specific advantage over antibodies that target the 
ligand alone. As we continue to explore the use of potent 
antiangiogenic agents in the treatment of cancer, it will be 
important to include appropriate PK evaluations, as well as 
surrogate markers to evaluate target inhibition. 22 ' 42 45 
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